Exercise-based therapy may improve health status for people with Mild Cognitive Impairment (MCI) or dementia but cannot work without adherence, which has proven difficult. This review aimed to evaluate strategies to support adherence among people with MCI or Dementia and was completed in Nottingham/UK in 2017. A narrative synthesis was used to investigate the effectiveness or usefulness of adherence support strategies. Fifteen adherence support strategies were used including theoretical underpinning (programmes based on behavior change theories), individual tailoring, worksheets and exercise booklets, goal setting, phone calls or reminders, newsletters, support to overcome exercise barriers, information, adaptation periods, individual supervision, support for clinicians, group setting, music, accelerometers/pedometers and emphasis on enjoyable activities. Music was the only strategy that was investigated in a comparative design but was found to be effective only for those who were generally interested in participating in activities. A wide range of adherence support strategies are being included in exercise interventions for people with MCI or dementia, but the evidence regarding their effectiveness is limited.
Introduction
Dementia is a syndrome caused by a variety of brain diseases leading to progressive impairments in memory, communication, planning and other cognitive functions. Mild Cognitive Impairment (MCI) is defined by measurable problems in cognition without significant impact on daily activities, and which may or may not progress to diagnosable dementia. Maintaining health and wellbeing among people living with dementia is an increasing priority, especially in the earlier stages when many are active and key abilities are still retained. Physical exercise interventions have been shown to be beneficial in improving function, mobility, cognition and mood (Hernandez et al., 2015; Rao et al., 2014; Forbes et al., 2015; Brett et al., 2016; Bossers et al., 2014; Barreto Pde et al., 2015) . For people with MCI, a recent review (Rodakowski et al., 2015) reported beneficial effects of exercise on cognition but the benefits for functional abilities were unclear.
Adherence to the intervention is essential for a meaningful outcome (Rao et al., 2014) . Adherence in this context refers to the degree to which behavior responds to the agreed recommendation according to the therapy protocol (Bollen et al., 2014) . Adherence to exercise and physical activity interventions can be affected by fixed factors such as exercise history, ill health, education or environment and modifiable factors such as prompts, which can be supported through strategies included in the design of an intervention (Rhodes et al., 1999; Schutzer and Graves, 2004) . For the purpose of this review, these adherence support strategies can encompass delivery modes, involvement of others, practical support, theoretical foundations or any other design features, which the study used to support adherence. We define adherence support strategies as plans included in the design of a study to achieve a high degree of behavior corresponding to the agreed study protocol. Therefore adherence support strategies need to be planned carefully to maximize the adherence with the intervention protocol.
Adherence to exercise and physical activity interventions in people with MCI and dementia varies widely between studies. For example, in a randomized controlled trial (RCT) including people with mild to moderate dementia adherence was 91% for a resistance and functional training programme twice a week for three months in a rehabilitation setting (Schwenk et al., 2014) . In a three month home-based exercise programme, adherence was 72% to 79% (Steinberg et al., 2009 ), but only 33% in a 12 month exercise programme for nursing home residents (Rolland et al., 2007) .
Several effective strategies to support adherence have been identified in the general older population including peer, family and physician support, interventions based on behavior change theories, prompts and music (Rhodes et al., 1999; Schutzer and Graves, 2004; French et al., 2014) . However, for people with dementia, it is unclear which, if any, adherence support strategies are effective.
The aim of this review is to evaluate strategies implemented in the intervention design of exercise studies to support adherence.
Method

Protocol
The systematic review was based on a pre-defined protocol (PROS-PERO registration no. CRD42015016507) to search and identify relevant research articles.
Eligibility
Inclusion
Articles reporting original research regarding adherence strategies for exercise studies for people with MCI or dementia; no specific criteria for MCI or dementia diagnosis were required. We included studies with people with dementia and MCI as more than 40% of people diagnosed with this condition go on to develop dementia within 5 years (Roberts et al., 2014) . Studies that assessed the effectiveness of adherence support strategies explicitly, as well as studies that included interviews or surveys asking participants to judge the usefulness of the adherence support were eligible. Both quantitative and qualitative studies were considered for inclusion.
Exclusion
Studies reporting research regarding adherence in people with Parkinson's or Huntington's disease, musculoskeletal diseases, other neurodegenerative diseases (including Multiple Sclerosis), stroke, diabetes, obesity and learning disabilities were excluded even if these studies included some participants with MCI and dementia. Any studies including children and adolescents (under 18 years of age) or using pharmacological or neurological (e.g. using neuro-imagining) interventions were excluded. Literature reviews, editorials, discussion papers, comments and study protocols were also ineligible.
Information sources
The search was completed in CINAHL, EMBASE, MEDLINE, PsycINFO, and Web of Science.
Search
The search took place in May 2014 and was updated in August 2016. The search was limited to publications in the English language and to human subjects. No date limits were set. The search terms included older adults OR ageing OR elderly AND dementia OR cogn* AND exercise AND adherence OR motivators OR compliance OR support OR selfefficacy. The search term 'exercise' has been chosen as it is a Medical Subject Heading (MeSH) term including the entry terms for a wide range of exercises (acute exercise, aerobic exercise, exercise training, isometric exercise, physical exercise and physical activity). The truncation cogn* has been used to include the terms cognition, cognitive and cognitively. The search terms were entered as keywords or as multipurpose (.mp) terms when selections were required for the OVID database platform.
Selection
Duplicates were removed. Once the electronic searches were completed by the first author, all abstracts and titles were screened in Endnote according to inclusion and exclusion criteria. Full texts for all potentially eligible articles were obtained, and assessed on the basis of the inclusion/exclusion criteria by independent reviewers (research assistants and research fellow). When there was uncertainty or no consensus after a discussion between reviewers, or from contacting the original author for clarification, a third reviewer assessed the publication in question and made the final decision ( Fig. Fig. 1 ).
Data collection
As most studies included the evaluation of the adherence support strategy as a sub-study, main study design, sample characteristics (size, setting, mean age, sex and cognitive impairment), intervention, main outcome for the intervention were extracted and tabulated to present the context for the use of the adherence support evaluation. Adherence, method of evaluation to determine the effectiveness or usefulness of the adherence support strategy and the results of the evaluation were extracted and tabulated to enable an analysis of the strategies (see Table 1 ).
Analysis
Methods sections of papers were examined to identify the adherence support strategies. All features that were explicitly mentioned in the context of supporting adherence were extracted. Results and discussion sections were screened for evidence of the effect of the adherence support strategies. A narrative synthesis was completed (Popay et al., 2006 ) that analyzed the strategies. A formal risk of bias analysis using risk of bias tools would have been appropriate for only two studies (Mathews et al., 2001; Phillips and Flesner, 2013) , which included the adherence support strategy as main outcome. Therefore, the use of risk of bias tools was not deemed appropriate but the quality of the included studies was discussed in the results and limitations section.
Results
Initially, 4232 articles were screened, 4143 studies were excluded based on the abstract or title of the article. Eighty-nine full text articles were examined using the eligibility criteria, which led to the exclusion of a further 77 studies. Reasons for exclusion were not recorded. These reasons were often multiple or based on a lack of evaluation of the adherence support strategy.
In total, the review included 12 studies (see Table 1 ). The strategies included the use of behavior change theories to underpin exercise programmes (Cox et al., 2013; Resnick et al., 2009; Rosenberg et al., 2012; Wu et al., 2015) , individual tailoring (Phillips and Flesner, 2013; Cox et al., 2013; Rosenberg et al., 2012; Frederiksen et al., 2014; Olsen et al., 2015) , worksheets or exercise booklets (Cox et al., 2013; Vidoni et al., 2016) , goal setting (Resnick et al., 2009; Rosenberg et al., 2012; Fairhall et al., 2012; Kerse et al., 2008) , phone calls and reminders (Phillips and Flesner, 2013; Cox et al., 2013; Rosenberg et al., 2012; Frederiksen et al., 2014) , newsletter (Cox et al., 2013) , support to overcome exercise barriers (Rosenberg et al., 2012; Fairhall et al., 2012) , information (Rosenberg et al., 2012; Frederiksen et al., 2014; Kerse et al., 2008) , adaptation period (Frederiksen et al., 2014) , individual supervision (Olsen et al., 2015; Lindelof et al., 2012) , support for clinicians (Resnick et al., 2009) , group setting (Phillips and Flesner, 2013; Rosenberg et al., 2012; Wu et al., 2015; Olsen et al., 2015; Lindelof et al., 2012) , music (Mathews et al., 2001; Wu et al., 2015) , accelerometer/pedometer (Rosenberg et al., 2012; Vidoni et al., 2016) and emphasis on enjoyable activities (Wu et al., 2015) .
Adherence rates ranged from 25% (lower estimate of adherence by physiotherapist) (Fairhall et al., 2012) to 90% (mean attendance rate across exercise sessions) (Frederiksen et al., 2014) . The two studies with high mean adherence rates (77% (21) and 90% (Frederiksen et al., 2014) ), used multiple adherence support strategies, both included a tailored approach to the intervention, information for the participants and telephone support.
None of the studies evaluated the effectiveness of adherence support strategies using an RCT design and only one study (Mathews et al., 2001 ) used a single group, repeated measures design with a small sample size (n = 18) to compare exercise phases with music to phases without music. The results of this study demonstrated that music had a significant positive effect on adherence for those who were interested in participating in activities but not in those who were less or not interested in activities.
Most of the studies used ratings of the experience of the strategies by the participants, focus groups or interviews to evaluate the perceived usefulness or acceptability of the adherence support strategies. Only phone calls, information regarding the study and group setting were assessed in more than one study. Details on the adherence support strategies used in the study were often limited as the strategies were not the main study intervention but an add-on to an exercise intervention.
Phone calls to support adherence were examined in two studies (Cox et al., 2013; Rosenberg et al., 2012) both demonstrated that most (80-93%) of participants rated phone calls as helpful or useful. Supporting information and step maps to increase daily activity levels was rated as useful by most participants (N80%) in one exercise study (Rosenberg et al., 2012) , but additional information regarding the background and content of the study was identified as 'being insufficient' in a focus group discussing facilitators of another exercise intervention (Frederiksen et al., 2014) .
The group format was identified as supporting adherence in five exercise studies by most of their participants (Phillips and Flesner, 2013; Rosenberg et al., 2012; Wu et al., 2015; Olsen et al., 2015; Lindelof et al., 2012) . Goal setting achievements were not related to improvements in function (Kerse et al., 2008) . Newsletters (Cox et al., 2013) , handouts, pedometers and exercise logs were all rated as useful by over 80% of the participants, and progress charts by 72% or more depending on intervention group (Rosenberg et al., 2012) . However, not everyone was comfortable using an accelerometer (Vidoni et al., 2016) . Additionally, some focus groups and interviews revealed that planning and reminders (Phillips and Flesner, 2013 ) as well Residential care setting; total n = 9; mean age = 89 (73-91); 66% women; MMSE 23 (Phillips and Flesner, 2013; Cox et al., 2013; Resnick et al., 2009; Rosenberg et al., 2012; Wu et al., 2015; Frederiksen et al., 2014; Olsen et al., 2015; Vidoni et al., 2016; Fairhall et al., 2012; Kerse et al., 2008; Lindelof et al., 2012; Smith et al., 2017) as tailoring (Phillips and Flesner, 2013) would have been helpful. One study encouraged body awareness, which the authors of this study suggested might have helped participants to identify physiological improvements (Wu et al., 2015) . A two week introductory period for an exercise program was seen as useful but not sufficient in focus groups, as participants and carers expressed the need for a longer adaptation phase (Frederiksen et al., 2014) . Interviews also revealed that in nursing homes it was important to participants that taking part was voluntary. The offer of exercise classes made them feel appreciated and invested in (Olsen et al., 2015) . The interviews also suggested that supervision by a physiotherapist with knowledge of older people and the tailored approach facilitated participation (Olsen et al., 2015) .
In addition to the adherence support strategies, one study reported a possible barrier to adherence: focus groups identified time-intensive interventions as problematic as they might reduce the time participants had for other activities (Frederiksen et al., 2014) .
Discussion
The review identified a wide range of adherence support strategies used in exercise studies for people with dementia and MCI. Most studies employed multiple strategies to support adherence to the intervention.
The review showed that exercise interventions for people with dementia should be individually tailored, include a learning or adaptation period, provide sufficient information and use phone calls, pedometers, exercise logs and/or reminders as well as supervision and planning to support adherence to the intervention. Group-based interventions were seen as desirable. Music was the only adherence support strategy that was investigated in a comparative study design but was found to be only effective for those who were interested in participating in activities. For nursing home residents, it was important that the exercise group participation was voluntary and that the exercise was supervised by a physiotherapist who had experience with working with older people. The effectiveness of goal setting as an adherence support strategy remained unclear. One study suggested that improving body awareness, which was embedded in the exercise teaching principles, might help participants to be more conscious of physiological improvements (Wu et al., 2015) . This in turn might improve their self-efficacy and therefore support exercise adherence (Schutzer and Graves, 2004) .
The findings of this review reflect adherence support strategies identified for the general older population. Prompts and music have been shown to work as motivators for exercise for older people (Schutzer and Graves, 2004) , and knowledge about exercise has been identified as a factor facilitating exercise in older people (Rhodes et al., 1999) . The results of this review indicated that these strategies are equally important in people with dementia. People with mild cognitive impairment and dementia are likely to rely more on adherence support strategies such as prompts and reminders compared to the general population as their deteriorating memory makes regular completion of the exercises or attendance of exercise groups more difficult. The effect of cognitive impairment on adherence has been well established in medication studies (Smith et al., 2017) , which confirmed that prompts might support adherence (Arlt et al., 2008 ). An analysis of behavior change theories for physical activity behavior in older adults (French et al., 2014) showed that while interventions increased self-efficacy scores, goal setting was not effective. In line with the outcome of that review, one study (Kerse et al., 2008) in our review indicated that goal setting might be ineffective in people with dementia, but contrary to French et al.'s findings (French et al., 2014) , self-efficacy did not change in people with dementia (Resnick et al., 2009) .
No modern technologies had been used to support adherence in the reviewed studies. A wide range of assistive technologies for people with dementia has emerged over the last decade, and other modern technologies such as smartphones, wearable fitness trackers or game consoles could be investigated to support exercise and physical activity interventions in people with dementia. With appropriate support, learning to use new technologies is achievable in people with dementia (Rosenberg and Nygard, 2014) and very soon the use of smartphones, apps and similar technologies may become the norm as they are likely be used by most people on a regular basis. Consequently, older people with dementia may then be familiar with such devices.
Strengths and limitations
This review provides a comprehensive overview of adherence support strategies used to date in empirical studies to support exercise interventions, and analyzed their perceived usefulness and/or effectiveness for people with MCI or dementia. It also identified the lack of research comparing different strategies to find those that are effective in this population. None of the studies used an RCT design and only one study had a comparative design. Therefore, no firm conclusions regarding the effectiveness of the adherence support strategies can be drawn and the evidence is weak. The relationship between use of strategy and adherence rates could not be analyzed.
The search terms limited the studies to those that could be found with the keywords 'adherence', 'motivators', 'compliance', 'support' or 'self-efficacy' and 'exercise'. The description of some strategies such as providing additional information about the background and the content of the study (Frederiksen et al., 2014) , contained limited detail. It was unclear how much information was given and if this exceeded the regular patient information letters that are part of informed consent. Other exercise studies including people with MCI or dementia might have included adherence support strategies but not have incorporated these keywords and therefore been missed. This might particularly be the case if an adherence support strategy was implicitly included as part of the study design but did not explicitly address adherence. However, a wide range of strategies was identified and it seems unlikely that studies that evaluated the use of their adherence support strategy would have been missed. Due the varying range of degree of cognitive impairment included in the studies, a separate analysis for people with MCI and people with dementia was not possible but should be considered in future studies.
It is likely that the effectiveness of adherence support strategies varies between people. More evidence is needed to evaluate what works for whom under what circumstances and why. Traditional systematic reviews are unlikely to answer the question, the adoption of a realist epistemology would be recommended.
Clinical/research context
The results of this review will support exercise and physical activity researchers to choose adherence support strategies that have been shown to be preferred, acceptable and/or effective for people with MCI and dementia. Furthermore, some of these strategies can be employed in public health programmes to facilitate engagement in exercise classes or physical activity programmes for this population group. For example, pedometers, appropriate information material (large print, simple descriptions) and exercise logs can be made available at low cost with potentially high impact to support physical engagement in this group. However, considering the weak evidence base, this should remain an area of active research, adherence support strategies should be investigated systematically, and trials of different strategies should be considered in this population to clarify the effectiveness. Furthermore, the development of new strategies should be explored in collaboration with people with MCI and dementia as well as their carers.
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